Antiparallel orientation of the two double-stranded coiled-coils in the tetrameric protofilament unit of intermediate filaments.
The chymotryptically excised middle domain of desmin slightly exceeds in length the structurally conserved alpha-helical middle region documented in all intermediate filament proteins by amino acid sequence data. This rod domain is a protofilament derivative with a tetrameric organization, thus indicating the presence of two double-stranded coiled-coil units. We now show by immunoelectron microscopy that Fab fragments of a desmin-specific monoclonal antibody mixed with the rod lead to dumb-bell-shaped structures. The tagging of both ends together with the length of the rod (48 nm) argues for an antiparallel orientation of the two coiled-coils without a major stagger. This information combined with the lateral 21 nm periodicity of the intermediate filament observed by us and others leads to a structural hypothesis similar to those entertained from X-ray data on wool alpha-keratins, although here an antiparallel tetrameric unit of some 60 to 66 nm is invoked, which has never been isolated. The structure that we discuss allows for the existence of both the particles, and the antibody experiment strongly supports the antiparallel orientation postulated in both approaches. The tube-like filament structure proposed for the intermediate filament agrees with recent mass per unit length measurements and allows for two minor classes of intermediate filaments with different values in this property as also found experimentally.